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MEMS DEVICES, PACKAGED MEMS
DEVICES, AND METHODS OF
MANUFACTURE THEREOF

PRIORITY CLAIM

This application claims priority as a continuation applica-
tion to U.S. patent application Ser. No. 13/549,095, filed Jul.
13, 2012, and entitled, “MEMS Devices, Packaged MEMS
Devices, and Methods of Manufacture Thereof,” which appli-
cation is incorporated herein by reference.

BACKGROUND

Microelectromechanical system (MEMS) devices com-
prise a relatively new technology that combines semiconduc-
tors with very small mechanical devices. MEMS devices are
micro-machined sensors, actuators, and other structures that
are formed by the addition, subtraction, modification, and
patterning of materials using techniques originally developed
for the semiconductor device/integrated circuit industry.
MEMS devices are used in a variety of applications, such as
in sensors for motion controllers, inkjet printers, airbags,
microphones, and gyroscopes, as examples. The applications
that MEMS devices are used in continue to expand and now
also include applications such as mobile phones, automo-
biles, global positioning systems (GPS), video games, con-
sumer electronics, automotive safety, and medical technol-
ogy, as examples.

One type of smaller packaging for MEMS devices that has
been developed is wafer level packaging (WLP). WLP
involves packaging MEMS devices in packages that typically
include a redistribution layer (RDL) that is used to fan out
wiring for contact pads of the MEMS devices, so that electri-
cal contact can be made on a larger pitch than contact pads of
the MEMS devices and connections can be made to other
devices or to a board in an end application, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

FIGS. 1 through 12 are cross-sectional views illustrating a
method of manufacturing and packaging a MEMS device in
accordance with an embodiment;

FIG. 13 is a top view of the packaged MEMS device shown
in FIG. 12;

FIG. 14 is a top view of a packaged MEMS device in
accordance with an embodiment;

FIG. 15 is a more detailed view of a portion of the packaged
MEMS device shown in FIG. 14;

FIG. 16 is a graph illustrating various internal pressures of
MEMS functional structures of the MEMS device shown in
FIG. 14,

FIG. 17 is a cross-sectional view illustrating a method of
controlling and establishing the various internal pressures of
the MEMS device using a pump in accordance with an
embodiment; and

FIG. 18 is a flow chart showing a method of manufacturing
a MEMS device having different internal pressures in accor-
dance with an embodiment.

Corresponding numerals and symbols in the different fig-
ures generally refer to corresponding parts unless otherwise

15

30

40

45

55

65

2

indicated. The figures are drawn to clearly illustrate the rel-
evant aspects of the embodiments and are not necessarily
drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the embodiments of the present
disclosure are discussed in detail below. It should be appre-
ciated, however, that the present disclosure provides many
applicable inventive concepts that can be embodied in a wide
variety of specific contexts. The specific embodiments dis-
cussed are merely illustrative of specific ways to make and
use the disclosure, and do not limit the scope of the disclosure.

Embodiments of the present disclosure are related to the
manufacturing and packaging of MEMS devices. Novel
MEMS devices, manufacturing methods, and packaged
MEMS devices will be described herein.

FIGS. 1 through 12 are cross-sectional views illustrating a
method of manufacturing and packaging a MEMS device 100
in accordance with an embodiment. Referring first to FIG. 1,
there is shown a cross-sectional view of a MEMS functional
structure 100a of a MEMS device 100 at an initial stage of
manufacturing in accordance with an embodiment of the
present disclosure. The MEMS functional structure 100a
includes a substrate 102. The substrate 102 may comprise
silicon wafer, GaAs wafer, glass, or other materials. The
substrate 102 is also referred to herein as a first substrate. An
oxide 1044 and 1045 is formed on the front and back side of
the substrate 102 using an oxidation process. The oxide 104a
and 1045 comprises silicon dioxide having a thickness of
about 2 pm, or greater than 2 pum to reduce parasitic feed-
through capacitance while operating MEMS devices, as
examples, although alternatively, the oxide 104a and 1045
may comprise other materials and dimensions.

The oxide 1045 on the back side of the substrate 102 is
patterned using a lithography process, as shown in FIG. 2.
The oxide 1045 can be patterned by depositing a layer of
photoresist (not shown) over the oxide 1045, exposing the
layer of photoresist to energy reflected from or transmitted
through a lithography mask (also not shown), developing the
layer of photoresist, and then removing the exposed or unex-
posed photoresist, depending on whether the photoresist is
positive or negative, for example. Portions of the layer of
photoresist are then washed or etched away, and the layer of
photoresist is then used as an etch mask while portions of the
oxide 1045 are etched away using an etch process. The pat-
terns in the oxide 1045 comprise alignment marks or refer-
ence feature patterns, e.g., dicing cut lines for subsequent
integration processes usage, that are used to align the sub-
strate 102 during subsequent various manufacturing pro-
cesses, for example.

After the patterning of the oxide 1045, the substrate 102 is
inverted, as shown in FIG. 2. A stopper layer 106 comprising
anitride having a thickness of about hundreds of nanometers,
e.g., about 200 nm, is formed on the front side of the substrate
102, and a dielectric film 108 comprising an oxide such as
silicon dioxide having a thickness of about 2 pum, or greater
than 2 um, is formed over the stopper layer 106, also shown in
FIG. 2. The stopper layer 106 may comprise SiN and can be
used for a subsequent oxide release step, for example. Alter-
natively, the stopper layer 106 and the dielectric film 108 may
comprise other materials and dimensions.

Shallow leakage trenches 112 and patterns for anchors or
trenches 114 and bumps 110 are formed on the front side of
the substrate 102. The bump patterns 110 are formed in a top
surface of the dielectric film 108, and the shallow leakage
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trenches 112, providing a path for vacuum pressure leak after
WLP processes, are formed through the dielectric film 108.
The anchor patterns 114 are formed only in the dielectric film
108. The shallow leakage trenches 112 and patterns for
anchors 114 and bumps 110 are formed either using three
lithography processes, e.g., using three lithography masks
and three etch processes, in some embodiments. Alterna-
tively, the shallow leakage trenches 112 and patterns for
anchors 114 and bumps 110 are formed in one lithography
process, and the final etch depth control in each specified
locations 110, 112, and 114 are determined by pattern size
features, e.g., by a dry plasma etching loading effect wherein
the larger the opening size, the deeper the etched depth is.
Alternatively, the shallow trenches 112 and the patterns for
the anchors 114 and bumps 110 can be directly patterned.

Referring next to FIG. 4, a second substrate 116 is pro-
vided. The second substrate 116 comprises similar materials
described for the first substrate 102 and in some embodiments
comprises silicon. The second substrate 116 is bonded using
a watfer bonding process to the front side of the first substrate
102. The second substrate 116 can be bonded to the first
substrate 102 using fusion bonding, as an example. The sec-
ond substrate 116 is thinned using a grinding process, CMP
process, dry plasma etch back process, or combinations of
such processes to control a final second substrate 116 thick-
ness to about 10 um to about 60 um as an example. An oxide
118 comprising silicon dioxide having a thickness of about 2
um is deposited on the substrate 116. The oxide 118 may
alternatively comprise other materials and dimensions. The
oxide 118 is used later for gap control of the MEMS device
100 and the thickness is selected as needed for the MEMS
functional structure 100a. The oxide 118 and second sub-
strate 116 are patterned, e.g., using a dry plasma reactive ion
etch (RIE) and a deep reactive ion etch (DRIE) process, as
shown in FIG. 5, forming patterns 120 for plugs.

Polysilicon or other type of semiconductive material is
formed over the oxide 118, filling the patterns 120 in the oxide
118 and second substrate 116. The polysilicon is planarized
using a chemical mechanical polishing (CMP) process and/or
an etch process, removing the polysilicon from over the top
surface of the oxide 118 and leaving polysilcon plugs 122
formed in the dielectric film 108, substrate 116, and oxide
119, as shown in FIG. 6. The polysilicon plugs 122 at the
edges in FIG. 6 comprise anchors for the MEMS functional
structure 100a, and the polysilicon plug 122 in the center
comprises a stop for a movable element of the MEMS func-
tional structure 1004, for example, in some embodiments.

A conductive material 124 is formed over the oxide 118
and the top surface of the polysilicon plugs 122. The conduc-
tive material 124 may comprise a metal, Ge, and/or a metal
alloy that is formed by sputtering in some embodiments. The
conductive material 124 may have a thickness of about 0.5 pm
or greater, for example. Alternatively, the conductive material
124 may comprise other materials and dimensions, and may
be formed by other methods. The conductive material 124 is
patterned using a lithography process, leaving conductive
material 124 disposed over the anchors comprising the plugs
122 at the edges of the MEMS functional structure 100a, as
shown in FIG. 7.

The oxide 118 is etched back using an etch process, as
shown in FIG. 8. A portion of the oxide 118 remains on
sidewalls of the plugs 122 comprising the anchors. An oxide
126 is formed over the substrate 116, conductive material
124, and the center plug 122, as shown in FIG. 9. The oxide
126 may comprise silicon dioxide having a thickness of about
1.0 um, although alternatively, the oxide 126 may comprise
other materials and dimensions. The oxide 126 is patterned
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forkey MEMS functional structures, and the oxide 126 is then
used as an etch hard mask during an etch process for the
substrate 116, forming patterns 128 in the substrate 116.

A vaporized hydrofluoric (HF) acid etch process or other
type of etch process is used to remove the oxides 126 and 118,
dielectric film 108 and portions of oxide 1044, as shown in
FIG. 10, forming the MEMS functional structure 100a. The
HF etch process is a releasing step that removes the sacrificial
oxides 126 and 118, dielectric film 108 and portions of the
oxide 104a, allowing moveable elements (not shown) of the
MEMS functional structure 1004 to have mechanical move-
ment within an inner region cavity 154 of the MEMS func-
tional structure 100a. The HF etch process also releases the
shallow trenches 112.

Referring next to FIG. 11, a third substrate 130 is provided.
The third substrate 130 comprises a cap wafer which is
bonded to the conductive material 124 of the MEMS func-
tional structure 100a. The third substrate 130 comprises a
routing substrate or a complementary metal oxide semicon-
ductor (CMOS) wafer, as examples. The third substrate 130
includes a wafer 132 having an oxide 134a and 1345 formed
on the front side and back side, respectively. The wafer 132
comprises a semiconductor material, glass, or other material,
and the oxide 134a and 1345 comprises silicon dioxide hav-
ing a thickness of about 2 um, as examples. Alternatively, the
oxide 134a and 1345 may comprise other materials and
dimensions.

A conductive material 136 is formed over the oxide 1345
and patterned. The conductive material 136 may comprise
polysilicon, a metal, or a metal alloy having a thickness of
about 3 kA, as an example, although alternatively, the con-
ductive material 136 may comprise other materials and
dimensions. The conductive material 136 is patterned using
lithography, and an insulating material 138 is formed over
conductive material 136. Insulating material 138 comprises
about 1 um of'silicon dioxide in some embodiments, although
alternatively, the insulating material 138 may comprise other
dimensions and materials. The insulating material 138 is pat-
terned, and a conductive material 140 is formed over the
patterned insulating material 138. The conductive material
140 may comprise about 0.8 um of AlCu or an AlCu alloy to
make ohmic contact directly between an interface of two
conductive layers in some embodiments, although alterna-
tively, the conductive material 140 may comprise other
dimensions and materials. The conductive material 140 is
then patterned using a lithography process, as shown in FI1G.
11.

The MEMS functional structure 100a is then coupled to the
third substrate 130, forming a packaged MEMS device 150
using a wafer level bonding technique (e.g., used in wafer
level packaging), as shown in FIG. 12. The MEMS functional
structure 100a will be well protected and sealed at a prede-
termined vacuum level ranging from about 1 mbar to about 1
atm inside the close-up ring 142. The second substrate 116 is
coupled to the third substrate 130, and portions of the first
substrate 102 and the second substrate 116 are diced to expose
the patterned conductive material 140 comprising contact
pads defined on the third substrate 130. FIG. 13 shows a top of
the packaged MEMS device 150 shown in FIG. 12. Conduc-
tive material 124 of the MEMS functional structure 100a is
coupled to the patterned conductive material 140 on the third
substrate 130 using a metal-to-metal bond, eutectic bond, or
other methods. Conductive material 124 comprises a eutectic
material in some embodiments, for example. The MEMS
functional structures 100a will be well protected inside the
close-up ring 142. The conductive material 140 on the left in
FIGS. 12 and 13 comprises contact pads for the packaged
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MEMS device 150. The region of the packaged MEMS
device 150 above the contact pads comprises an opening for
wire-bonds or a subsequent packaging level interface, for
example.

Only one MEMS functional structure 100a of a MEMS
device 100 is shown in FIGS. 1 through 12; however, a plu-
rality of MEMS functional structures 100aq are simulta-
neously formed on the first and second substrates 102 and 116
for the MEMS device 100 in accordance with embodiments,
as shown in FIG. 14 at 100a, 1005, 100¢, and 1004, to be
described further herein. A plurality of the MEMS devices
100 including the MEMS functional structures 100a, 1005,
100c¢, and 1004 are formed on the first and second substrates
102 and 116. Later in the process flow, after attaching the
MEMS device 100 to the third substrate 130 and applying one
or more pressures, to be described further herein, the MEMS
devices 100 are separated or singulated into packaged MEMS
device 150 (see FIG. 12), e.g., by sawing the three bonded
substrates 102, 116, and 130 along a scribe line.

After the third substrate 130 is coupled to the MEMS
functional structure 100a (and also at least one other MEMS
functional structure 1005, 100¢, and 100d), pressure is cre-
ated in the interior region of the MEMS functional structures
100a, in accordance with embodiments. The interior region
comprises an inner region cavity 154 that contains a moveable
element of each of the MEMS functional structures 100a in
some embodiments, for example. The inner region cavity 154
containing the moveable element is disposed between the first
substrate 102 and the second substrate 116. The amount of
pressure applied is different for at least two of the MEMS
functional structures 100a, 1005, 100¢, and 1004 in accor-
dance with embodiments.

During the application of the pressure, a sealing material
148, shown in phantom in FIG. 12, is applied to the MEMS
functional structure 100a. As an example, the bonded sub-
strate 130 and MEMS functional structures 100a may be
placed in a chamber, and a pressure can be applied in the
chamber. The pressure may be applied by creating a vacuum
inside the chamber to apply a vacuum to the MEMS func-
tional structure 100q, as an example. The sealing material 148
is then applied along edges of the MEMS functional struc-
tures 100a while the pressure is maintained in the chamber.
The sealing material 148 maintains the pressure inside the
MEMS functional structure 100a after the MEMS device 100
is removed from the chamber. A hermetic vacuum seal is
formed inside the MEMS functional structure 100a in some
embodiments. The sealing material 148 comprises a sealing
ring, a sealing ring with shallow trench patterns disposed
beneath the sealing ring, a bonding ring, or a sealing gel in
some embodiments, for example. The sealing material 148
may comprise a thin film oxide, polyimide, epoxy, or an
organic gel having a thickness of about 10 um, as examples,
although alternatively, the sealing material 148 may comprise
other materials and dimensions. The sealing material 148
does not extend into the inner region 154 containing the
moveable element.

A different pressure may be created in interior region cavi-
ties 154 of the various MEMS functional structures 100a,
1005,100c¢, and 100d of the MEMS device 100, depending on
the pressure required for the particular MEMS functional
structure 100a, 1005, 100c¢, and 1004. Some MEMS func-
tional structures 100a, 1005, 100¢, and 1004 may not require
a particular pressure in some embodiments, and a sealing
material 148 may not be required.

Anencapsulation material 152 may also be applied, or may
alternatively be applied (e.g., to the sealing material 148),
while the bonded substrate 130 and MEMS functional struc-
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tures 1004, 1005, 100¢, and 1004 (e.g., over all of the MEMS
functional structures of the MEMS device 100) are in the
chamber. The encapsulation material 152 may alternatively
be applied after the bonded substrate 130 and MEMS func-
tional structures 100a, 10056, 100c, and 1004 have been
removed from the chamber, in other embodiments. The
encapsulating material 152 is disposed over the sealing mate-
rial 148, if included, and over the MEMS functional struc-
tures 100a, 1005, 100c¢, and 1004, as shown in phantom in
FIG. 12. The encapsulating material 152 may comprise glass
or a CMOS packaging gel having a thickness of about 1 mm,
as examples, although alternatively, the encapsulating mate-
rial 152 may comprise other materials and dimensions. The
encapsulating material 152 protects the MEMS functional
structures 1004, 1005, 100c¢, and 1004 in harsh environments,
such as moisture or shock, and also assists in providing pres-
sure control for the interior region cavities 154 of the MEMS
functional structures 100a, 1005, 100c¢, and 100d, for
example.

In some embodiments, one or more of the MEMS func-
tional structures 100a, 1005, 100¢, and 1004 may not include
a sealing material 148 and/or an encapsulating material 152.

FIG. 14 is a top view of a packaged MEMS device 150 in
accordance with an embodiment. The packaged MEMS
device 150 includes a plurality of the MEMS functional struc-
tures 100a, 1005, 100¢, and 1004d. The MEMS functional
structure 100a comprises a gyroscope, and the MEMS func-
tional structure 10056 comprises a resonator. The resonator
may comprise a radio frequency (RF) resonator in some
embodiments; however, other types of resonators may be
included. The MEMS functional structure 100c comprises an
accelerometer, and the MEMS functional structure 1004 may
comprise a pressure sensor or a microphone. Alternatively,
the MEMS functional structures 100a, 1005, 100¢, and 1004
may comprise other types of micro-electro-mechanical sys-
tems. One or more of the MEMS functional structures 100a,
1005,100c¢, and 1004 may comprise a sensor in some embodi-
ments. In other embodiments, one or more of the MEMS
functional structures 100a, 1005, 100¢, and 1004 may com-
prise gyroscopes, resonators, accelerometers, microphones,
pressure sensors, inertia sensors, actuators, or combinations
thereof, as examples.

The shallow trenches 112 that make the pressure balanced
inside the bonding ring 142 and outside the bonding ring 142,
e.g.,atapressure ofabout 1 atm are shown in phantom in FIG.
14. The shallow trench 112 extends through at least one edge
of the MEMS functional structures 100a, 1005, 100¢, and
1004 and comprises an opening for application of the pres-
sure. The shallow trenches 112 are sealed after application of
the pressure by the bonding ring 142 or other type of sealing
material 148 used, for example. The shallow trenches 112
may not be included in each MEMS functional structure
100a, 10056, 100c¢, and 1004, e.g., if the MEMS functional
structures 1004, 1005, 100¢, and 1004 have openings through
which the pressure can be applied.

FIG. 15 is a more detailed view of a portion of the packaged
MEMS device 150 shown in FIG. 14. A more detailed view of
the shallow trench 112 and the sealing material comprising
the bonding ring 142 is shown. The shallow trench 112 com-
prises an air channel in some embodiments, which can be
designed as a substantially straight line with a narrow gap of
about 0.2 um, for example. Alternatively, the shallow trench
112 can be a nozzle type of trench from a top view or a
meandering type of trench, to let air or gas penetrate through
the channel easily.

FIG. 16 is a graph illustrating various internal pressures of
the plurality of MEMS functional structures 100a, 1005,
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100c¢, and 1004 of the packaged MEMS device 150 shown in
FIG. 14, by application. A range of pressures for the MEMS
functional structure 100a comprising a gyroscope may range
from about 0.001 to 0.7 bar. A range of pressures for the
MEMS functional structure 1005 comprising a resonator may
range from about 0.001 to 0.01 bar. A range of pressures for
the MEMS functional structure 100c comprising an acceler-
ometer may comprise about 0.1 to 1 bar. A pressure for the
MEMS functional structure 1004 comprising a pressure sen-
sor or microphone may comprise about 1 bar. Alternatively,
internal pressures in the inner region cavity 154 of the plural-
ity of MEMS functional structures 100a, 1005, 100¢, and
100d of the packaged MEMS device 150 may comprise other
values, in accordance with embodiments of the present dis-
closure. Pressures for the various MEMS functional struc-
tures 100a, 1005, 100c¢, and 1004 may advantageously vary
from about a millibar (mbar) level to a bar level, so that about
3 orders of magnitude of pressure difference is achieved
within a single packaged MEMS device 150, for example.

FIG. 17 is a cross-sectional view illustrating a method of
controlling and establishing the various internal pressures
using a pump 144 in accordance with an embodiment. The
pump 144 is placed proximate the packaged MEMS device
150, and pressure 146 is applied by the pump 144 on the
packaged MEMS device 150. While the pressure 146 is
applied by the pump 144, the sealing material 148 is applied
to a particular packaged MEMS device 150 that requires that
pressure. The process is continued for different pressure lev-
els required by the various MEMS functional structures 100a,
1005, 100¢, and 1004 of the packaged MEMS device 150.
The pump 144 may be placed in the chamber that the pack-
aged MEMS device 150 is being processed in, and the pres-
sure 146 may be varied and applied as needed for each of the
MEMS functional structures 100a, 1005, 100¢, and 1004,
after which the sealing material 148 is applied, for example.
Each of the MEMS functional structures 100a, 10054, 100c¢,
and 1004 is sequentially processed to apply the appropriate
amount of pressure 146 for the particular application of the
MEMS functional structures 100a, 1005, 100¢, and 1004.

Some of the MEMS functional structures 100a, 1005,
100c, and 1004 may not have pressure 146 applied, in some
embodiments. These MEMS functional structures 100a,
1005, 100¢, and 1004 are exposed to the pressure 146 while
other of the MEMS functional structures 100a, 1005, 100c¢,
and 1004 have pressure 146 applied and are sealed with the
sealing material 148. However, because a sealing material
148 is not applied to the MEMS functional structures 1004,
1005, 100¢, and 1004 not needing an internal pressure, when
the pressure 146 is removed, the MEMS functional structures
100a, 1005, 100c, and 1004 do not retain an internal pressure
in the inner region cavity 154.

Only four MEMS functional structures 100a, 1005, 100c,
and 1004 are shown in FIG. 14. There may be five or more
MEMS functional structures 100a, 1005, 100¢, and 1004
formed on a single MEMS device 100 or on a single packaged
MEMS device 150 in accordance with embodiments. Some
of the MEMS functional structures 100a, 1005, 100c¢, and
1004 may have the same pressure applied. Alternatively, all of
the MEMS functional structures 100a, 1005, 100c¢, and 1004
may have different pressures applied, for example. In accor-
dance with an embodiment, at least two of the MEMS func-
tional structures 100a, 1005, 100¢, and 1004 have different
internal pressures; e.g., different pressures in the interior
region cavity 154.

FIG. 18 is a flow chart 160 showing a method of packaging
a MEMS device 100 including a plurality of MEMS func-
tional structures 100a and 1005 (see FIG. 14) having different
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internal pressures A and B (see F1G. 16) in accordance with an
embodiment. In step 162, a MEMS device 100 is formed that
includes a first MEMS functional structure 100q and a second
MEMS functional structure 1005. In step 164, the MEMS
device 100 is attached to a substrate 130. In step 166, a first
pressure A is created in an interior region (e.g., in an interior
region cavity 154) of the first MEMS functional structure
100a. In step 168, a second pressure B is created in an interior
region of the second MEMS functional structure 1005. The
second pressure B is different than the first pressure A.

Embodiments of the present disclosure include methods of
forming MEMS devices 100, and also include MEMS
devices 100 that include the novel MEMS functional struc-
tures 100a, 1005, 100c, and 1004 having different internal
pressures. Embodiments of the present disclosure also
include packaged MEMS devices 150 that have been pack-
aged using the novel methods and MEMS devices 100
described herein.

The packaged MEMS devices 150 comprise wafer level
packages (WLP) that can be mounted to a circuit board,
substrate, or other mounting platform, and then electrically
coupled to other devices, such as integrated circuits, other
MEMS devices, resistors, transistors, capacitors, and other
elements or modules, depending on the end application. Wire
bonds and/or solder can be connected to the patterned con-
ductive material 140 on the top surface of the substrate 130
(e.g., on the left in FIGS. 12 and 13), for example. Alterna-
tively, the substrate 130 can include contacts on a bottom
surface thereof, and the contacts can be mounted on a mount-
ing platform in an end application using solder balls (not
shown).

The manufacturing and packaging process flow illustrated
and described for FIGS. 1 through 12 are for illustrative
purposes: other MEMS device structures and methods may be
used. Similarly, the packaged MEMS device 150 shown in
FIG. 14 showing the various functions of the MEMS func-
tional structures 100a, 1005, 100¢, and 1004 is for illustrative
purposes: two or more MEMS functional structures 100a,
1005, 100¢, and 1004 described herein may be formed in a
single packaged MEMS device 150 in accordance with
embodiments. The MEMS functional structures 1004, 1005,
100¢, and 1004 may have the same function and MEMS
structure, or they may have different functions and structures,
as another example.

Advantages of embodiments of the disclosure include pro-
viding novel packaged MEMS devices 150, MEMS devices
100, and methods of fabrication thereof, wherein the various
MEMS functional structures 100a, 1005, 100c, and 1004
have different internal pressures, depending on the MEMS
functional structure 100a, 1005, 100c, and 1004 require-
ments. Multiple sensors comprising the MEMS functional
structures 100a, 10056, 100¢, and 1004 are integrated with
different internal pressures in a single packaged MEMS
device 150. Combining multiple MEMS functional structures
100a, 1005, 100c, and 1004 on a single chip or packaged
MEMS device 150 allows the overall chip size to be reduced
and results in a reduced number of process flow steps. The
methods described herein comprise die-level integration pro-
cesses that reduce packaged die costs and surface area
requirements. The MEMS devices 100 comprise multiple
chambers that contain the MEMS functional structures 1004,
1005, 100¢, and 1004, which each chamber having a control-
lable pressure level. Different pressure levels are advanta-
geously formed in a single packaged MEMS device 150. The
novel MEMS device 100 structures and designs are easily
implementable in manufacturing process and packaging
flows.
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All of the MEMS devices 100 required for a particular end
application can be combined in a single packaged MEMS
device 150 in some embodiments, for example, resulting inan
area and cost savings. The overall footprint of the final board
the packaged MEMS device 150 is mounted on can advanta-
geously be reduced. The space savings provided by embodi-
ments of the present disclosure is particularly advantageous
in end applications such as consumer electronics, which have
a trend in technology development of shrinkage targets, for
example.

In accordance with one embodiment of the present disclo-
sure, a MEMS device includes a first MEMS functional struc-
ture and a second MEMS functional structure. An interior
region of the second MEMS functional structure has a pres-
sure that is different than a pressure of an interior region of the
first MEMS functional structure.

In accordance with another embodiment, a packaged
device includes a substrate and a MEMS device coupled to the
substrate. The MEMS device comprises a first MEMS func-
tional structure and a second MEMS functional structure. An
interior region of the first MEMS functional structure has a
first pressure, and an interior region of the second MEMS
functional structure has a second pressure. The second pres-
sure is different than the first pressure.

In accordance with yet another embodiment, a method of
manufacturing a MEMS device includes forming the MEMS
device, the MEMS device including a first MEMS functional
structure and a second MEMS functional structure. The
MEMS device is attached to a substrate. A first pressure is
created in an interior region of the first MEMS functional
structure. A second pressure is created in an interior region of
the second MEMS functional structure. The second pressure
is different than the first pressure in the MEMS device after
wafer level packaging of the MEMS device.

Although embodiments of the present disclosure and their
advantages have been described in detail, it should be under-
stood that various changes, substitutions and alterations can
be made herein without departing from the spirit and scope of
the disclosure as defined by the appended claims. For
example, it will be readily understood by those skilled in the
art that many of the features, functions, processes, and mate-
rials described herein may be varied while remaining within
the scope of the present disclosure. Moreover, the scope of the
present application is not intended to be limited to the par-
ticular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described in
the specification. As one of ordinary skill in the art will
readily appreciate from the disclosure of the present disclo-
sure, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:
1. A method of manufacturing a microelectromechanical
(MEMS) device, the method comprising:
attaching a MEMS device to a substrate, wherein the
MEMS device includes
a first MEMS functional structure having a first interior
region surrounded by a sealing ring and a second
MEMS functional structure having a second interior
region surrounded by a second sealing ring having a
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shallow trench extending from outside the second
MEMS functional structure to the second interior
region;

creating a first pressure in the first interior region of the first

MEMS functional structure; and

creating a second pressure in the second interior region of

the second MEMS functional structure; and

sealing the shallow trench to maintain the second pressure

in the second interior region.

2. The method of claim 1, wherein the step of sealing the
shallow trench to maintain the second pressure comprises
applying a sealing material.

3. The method of claim 2, wherein the step of sealing the
shallow trench to maintain the second pressure further com-
prises applying an encapsulation material.

4. The method of claim 1, further comprising forming the
sealing ring from a material selected from the group consist-
ing of an oxide, a polyimide, an epoxy, and an organic gel.

5.The method of claim 1, wherein the step of creating a first
pressure in the first interior region of the first MEMS func-
tional structure includes creating a first pressure of from
about 0.001 to about 1 bar.

6. The method of claim 1, wherein the second pressure is
different than the first pressure and is in a range of from about
0.001 bar t about 1 atmosphere.

7. The method of claim 1, wherein one of the first pressure
and the second pressure is about 1 atmosphere.

8. A method of manufacturing a microelectromechanical
(MEMS) device, the method comprising:

forming the MEMS device, the MEMS device including a

first MEMS functional structure and a second MEMS
functional structure;
forming a first sealing ring surrounding an interior region
of the first MEMS functional structure and a second
sealing ring surrounding an interior region of the second
MEMS functional structure;

forming under at least one of the first sealing ring and the
second sealing ring, a shallow trench extending from
outside at least one of the first MEMS functional struc-
ture and the second MEMS functional structure to an
interior region of the at least one of the first MEMS
functional structure and the second MEMS functional
structure;
attaching the MEMS device to a substrate;
creating a first pressure in an interior region of the first
MEMS functional structure; and

creating a second pressure in an interior of the second
MEMS functional structure; and

sealing at least one of the first sealing ring and the second
sealing ring to maintain the first pressure in the interior
region of the first MEMS functional structure, the sec-
ond pressure in interior region of the first MEMS func-
tional structure, or both.

9. The method of claim 8, wherein one of the first pressure
and the second pressure is from about 0.001 barto about 1 bar.

10. The method of claim 8, wherein one of the first pressure
and the second pressure is about 1 atmosphere.

11. The method of claim 8, wherein the step of sealing at
least one of the first sealing ring and the second sealing ring
comprises applying a sealing material while maintaining
pressure within the interior of the first MEMS functional
structure, the interior of the second MEMS functional struc-
ture, or both.

12. The method of claim 11, further comprising forming
the sealing material from a material selected from the group
consisting of an oxide, a polyimide, an epoxy, and an organic
gel.
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13. The method of claim 8, wherein the steps of creating a
first pressure in an interior region of the first MEMS func-
tional structure and creating a second pressure in an interior
region of the second MEMS functional structure occur simul-
taneously and the first pressure and second pressure are equal.

14. The method of claim 8, wherein the first pressure is
created in the interior region of the first MEMS functional
structure and the first sealing ring is sealed before creating the
second pressure in the interior region of the second MEMS
functional structure and sealing the second sealing ring.

15. The method of claim 14, wherein the step of sealing at
least one of the first sealing ring and the second sealing ring to
maintain the first pressure in the interior region of the first
MEMS functional structure, the second pressure in the inte-
rior region of the second MEMS functional structure, or both
comprises forming sealing material in the shallow trench
extending from outside at least one of the first MEMS func-
tional structure and the second MEMS functional structure to
an interior region of the at least one of the first MEMS func-
tional structure and the second MEMS functional structure.

16. The method of claim 8, further comprising encapsulat-
ing the first MEMS functional structure and the second
MEMS functional structure in an encapsulation material.

17. A microelectromechanical system (MEMS) device,
comprising:

a first MEMS functional structure having a first interior

region, the interior region surrounded by a first sealing
nng;
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a shallow trench underlying the first sealing ring;

a sealing material filling the shallow trench and hermeti-
cally sealing the interior region; and

a second MEMS functional structure having a second inte-
rior region sealed by a second sealing ring and having a
pressure that is different than a pressure of the interior
region of the first MEMS functional structure.

18. The MEMS device of claim 17, further comprising:

a third MEMS functional structure having a third interior
region surrounded by a third sealing ring and having a
second shallow trench underlying the third sealing ring;
and

a second sealing material filling the second shallow trench
and hermetically sealing the third interior region;

wherein the third interior region has a pressure that is
different than a pressure of the interior region of the first
interior region and of the second interior region.

19. The MEMS device of claim 18, further comprising a
fourth MEMS functional structure having a fourth interior
region surrounded by a third sealing ring and having an
unsealed shallow trench underlying the third sealing ring.

20. The MEMS device of claim 17, wherein the shallow
trench is sealed by a material selected from the group con-
sisting of an oxide, a polyimide, an epoxy, and an organic gel.
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